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Out of Doors and Out of BodyGenome comparisons have shown that several clades of Escherichia isolated
primarily from non-host habitats are adapted to life outside of hosts, and that
these very close relatives of E. coli have historically not shared environments
with gut-associated E. coli.Frederick M. Cohan
and Sarah M. Kopac
For decades, Escherichia coli has been
an object of intense interest for its
role as amodel system inmicrobiology,
for its role in causing disease [1], and
for its use as a marker of fecal pollution
in the environment [2]. Given the
attention that has been paid to E. coli in
the laboratory, as well as in surveys of
its diversity [3], it comes as surprising
news that there are several clades
closely related to E. coli that are
radically divergent from typicalE. coli in
their ecology. Three recent papers [4–6]
demonstrate that three clades closely
related to E. coli are primarily adapted
to non-host environments such as
freshwater beaches and surface water,
and that historically these clades have
spent little timewith the classical E. coli
living in the gastrointestinal tracts
of mammals and birds.
This trio of studies begins with the
discovery of three clades (C3–C5)
associated with outside (non-host)
environments and an additional clade
(C1) found in the typical E. coli habitats
ofmammals and birds [6]. These clades
were found to be closely related to
the classical, gut-associated clades
of E. coli as well as to E. fergusonii
(Figure 1). The researchers set out to
confirm and characterize the ecological
distinctness of the environmentalclades from typical E. coli through
physiological [4] and genomic [5]
approaches.
In their physiological study, Ingle
et al. [4] showed the environmental
clades to be genetically adapted to
outside environments: they more
readily produce biofilms, they can
out-compete typical E. coli at low
temperatures, and perhaps most
significantly, they are non-pathogenic
in a mouse septicemia model system.
Luo et al. [5] then investigated the
ecological capabilities of the
environmental clades through an
analysis of genome content, as seen
in a growing number of studies of close
relatives with different environmental
preferences [7]. The environmental
clades consistently differed from the
gastrointestinal clades by producing
lysozyme, presumably for killing other
cells in the environment, and by having
the entire pathway for utilizing diol
as an energy substrate. Moreover,
the gastrointestinal clades were
distinguished from the environmental
clades in having several genomic
features adapting them to the gut
environment, including the ability
to utilize various molecules known
to be in abundance in the gut:
N-acetylglucosamine, gluconate,
and five- and six-carbon sugars.
It will be interesting to apply further
genomic methods to characterize thephysiological differences between the
environment- and gut-associated
clades, including a search for shared
genes showing evidence of positive
selection [8] and comparisons of
genome-wide gene expression of
shared genes [9]. Expression studies
could also confirm that genes unique
to a clade are actually used under the
expected natural conditions [10].
Luo et al. [5] also used the genomes
to infer that the environmental clades
have spent little of their history in the
gut environment with typical E. coli. In
one approach, they used the inventory
of gene functions derived from the
human microbiome project [11] to
show that genes that are common in
other gut bacteria are also contained
in the gut-associated E. coli, but not in
environmental clades. Also, the authors
identified significant differences
between the viruses contained in the
genomes of environmental clades
versus gut-associated E. coli, indicating
historical barriers to sharing of phage.
Genome-based analysis of
recombination rates also indicated
a historical habitat difference. The
authors found evidence of frequent
recombination among the
environmental clades and among
the gut-associated E. coli clades,
but not between environment- and
gut-associated clades, constituting
evidence for an ecological barrier
to recombination. We note another
possible interpretation: that the groups
share few vectors of recombination,
as suggested by the divergence in
phage viromes. One factor not likely
to totally impede recombination
between environmental and gut clades,
however, is themodest (<7%)sequence
divergencebetween them,whichwould
not eliminate recombination [12].
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Figure 1. Phylogeny of Escherichia, with
ecotype demarcations by Ecotype Simulation
[14] and AdaptML [15].
The phylogeny was based on our parsimony
analysis of the concatenation of 18 genes
from the MLST study of Walk et al. [6], using
sequence data kindly provided to us by Seth
Walk. The phylogeny is similar although not
identical to the phylogeny by Luo et al. [5],
based on the full genome complement of
shared genes; both trees were rooted by
Salmonella. The clades labelled C1–C5 cor-
respond to the clades demarcated by Walk
et al. [6]. Ecotype Simulation demarcated
ecotypes based entirely on patterns of seq-
uence diversity, as indicated by black
brackets; AdaptML found ecotypes on the
basis of significant differences in habitat of
isolation [6], as indicated by brackets of differ-
ent colors: brown, primarily isolated from
mammals; magenta, birds; yellow, freshwater
beaches; green, freshwater water column.
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R588The environmental clades were
originally hypothesized to be
ecologically distinct from
gut-associated E. coli, both from
their surprising habitat associations
and because they fell into sequence
clusters quite distinct from classical
E. coli in the multilocus analysis. While
sequence clustering has proved an
important tool for identifying
ecologically distinct populations, we
note that it is not straightforward to
identify the sequence clusters thatcorrespond to the fundamental units
of ecology and evolution, owing to
the hierarchical nature of sequence
diversity, with subclusters within
clusters and so on [13].
In an effort to more fully enumerate
the ecologically distinct populations
among the environmental clades, we
applied the Ecotype Simulation [14]
and AdaptML [15] algorithms to
hypothesize clades corresponding to
ecologically homogeneous, genetically
cohesive groups (ecotypes) (Figure 1).
AdaptML distinguished the pooled
clade containing C3 and C4 from the
clade C5 as two separate ecotypes;
the algorithm also showed each
environmental clade to be
distinguished as ecologically distinct
from gastrointestinal-associated
E. coli. Ecotype Simulation recognized
all the clades C3–C5 as ecologically
distinct, and hypothesized finer
divisions within each clade.
Apparently, much more ecological
diversity is waiting to be characterized.
It will be interesting to further dissect
these more fine-grained ecotypes for
their ecological and physiological
differences, by utilizing the genome
content approach of Luo et al. [5], as
well as by the other genome-based
analyses we have discussed. Also,
sampling from contrasting
environmental microhabitats might
reveal differences in microhabitat
preferences among the hypothesized
environmental ecotypes. However, this
approach can identify ecotype
divergence only for environmental
parameters anticipated by the
investigators [16].
There is one approach to
environmental sampling that
circumvents the need for prior
knowledge of the relevant ecological
parameters. This is to use
metagenomes to biotically
characterize environments by the
contents of their bacterial communities
[16]. For example, Arumugam et al. [17]
characterized human gut communities
and classified them into three
‘enterotypes’ according to species
composition and abundance, aswell as
functional aspects of the communities.
Thus, without having to know ahead
of time the environmental parameters
by which ecotypes have diverged,
one could test whether hypothesized
ecotypes of a particular taxon are
different in their associations with
these enterotype communities.
Likewise, a community analysis ofvarious freshwater beach and surface
water communities might reveal
cryptically different bacterial
community types, and one could
then test whether the environmental
ecotypes of Escherichia are
significantly different in their
community-type associations.
Luo et al. [5] have argued for
a change in the taxonomy of E. coli, as
the newly discovered environmental
clades are not distinguished by
standard phenotypic tests from
classical E. coli. As a practical public
health issue, they note that assuming
E. coli and closest relatives to be
primarily organisms of the gut has
resulted in the practice of counting
‘coliform’ bacteria to indicate fecal
pollution. The authors’ results show
the underlying assumption to be
mistaken, and they argue that lumping
environmentally adapted clades of
Escherichia with no apparent virulence
as part of the coliform count has been
a distraction for public health workers.
The authors thus suggest that E. coli
be split taxonomically, to separate
environmentally adapted clades from
gut-adapted clades.
We agree that the taxonomy should
be changed so that the environmental
clades are no longer phenotypically
diagnosed as E. coli. However, we note
that this change can be handled within
the traditional systematics, as
E. fergusonii is included within the
clade containing classical E. coli and
the environmental isolates (Figure 1),
and bacterial systematists are loath
to accept paraphyletic species.
Drawing from the need to separate
ecologically distinct clades within
Escherichia, the authors call more
generally for an ecology-based species
concept for bacteria. This would
address the problem that bacterial
systematics has generally recognized
species taxa that are enormously broad
in their genomes and physiology,
sequence diversity, and ecology [18].
Thus, bacterial species do not fulfill
one of the central purposes of
species taxonomy, to allow us to
predict the qualities of an unknown
organism based on its classification
to a species [19].
A more stringent, ecologically based
demarcation of bacterial taxa would
benefit many areas of microbiology.
Beyond the public-health benefits
outlined by Luo et al. [5], identifying
the full set of putative ecotypes within
a pathogenic taxon could lead to
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R589discovery of clades that are perhaps
subtly different in their disease-causing
properties and their modes of
transmission [13]. Also, recognizing
taxa at the ecotype level could be
useful in vaccine development [18]
and in industrial biotechnology [13].
In addition, the broad definition of
bacterial species has led to
innumerable errors in population
genetics, where parameters are
estimated assuming that all local
members of a species taxon are
part of the same population [18].
Finally, perhaps the greatest cost of
broad-brush species taxonomy is
inflicted upon the field of systematics
itself. When a systematist discovers
a bacterial group and sees that it can fit
into one species taxon, the traditions of
systematics provide no motivation to
further explore the ecologically distinct
clades within the species. The research
in systematics is then impoverished by
a standard of detail that leaves much of
a clade’s diversity uncharacterized.References
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Vision into SpaceTwo recent imaging studies have shed new light on information representation
in human parahippocampal cortex. Despite their different approaches, the two
studies both support the view that this brain region represents space at an
elementary level.Christian F. Doeller1
and Raphael Kaplan2,3,4
Perceiving our local environment is
one of the most crucial functions of
the brain. The surrounding space is
encoded initially in a first-person
perspective; this ‘egocentric’
representation is transformed to
encode relations between the viewer
and external space. The latter,
‘allocentric’ representation is stored
as an internally driven map-like guidethat allows us to manipulate and
navigate in the world. The
parahippocampal cortex, located in the
medial temporal lobe, has been
consistently identified in humans in
supporting orientation and navigation.
In a seminal study, Epstein and
Kanwisher [1] showed that
parahippocampal cortex preferentially
responds to scene stimuli, rather
than single non-scene stimuli like
objects or faces; it is particularly
concerned with layout-defining spatialproperties of scenes, including
geometric features such as walls [2].
Spatial scenes are complex stimuli and
the extent to which precise features
are encoded by parahippocampal
cortex is still unclear.
Two recent studies [3,4] provide
new insights into how the
parahippocampal cortex represents
space. Both studies used functional
magnetic resonance imaging (fMRI) in
humans to test findings from different
model systems of spatial processing
(vision and spatial cognition). Mullally
and Maguire [3] show that simply
imagining objects against a blank
background activates the
parahippocampal cortex, but critically
only for those objects where
participants have a strong feeling of
surrounding space. Kravitz et al. [4]
report that, during the perceptual
judgement of real-world scenes, the
